In this paper we study the impact of firms' productivity and scale of activity on the cost of labor for Italian manufacturing firms, and we investigate how the work-force composition affects the total expenditures for wages.
Introduction
A simple look at the size distribution of Italian firms, when compared to other developed countries, exhibits a distinctive high proportion of small size businesses. In this work we look for a possible source of such distortion and, focusing on the cost of labor in business firms, we discuss how the actual composition of workforce and the structure of its payroll might possibly contribute to hinder growth. the entire manufacturing industry and affect, while to different degrees, all its sectors.
Our study bears obvious relation with the nature and dynamics of labor market regulations. In this work however we do not address this issue directly 4 and we refer the interested reader to Nickell (1997) , Bertola and Ichino (1995) and ISTAT (2005) , for a more comprehensive account on the matter and a closer focus on the Italian case.
After a detailed presentation of the database in Section 2, in Section 3 we consider the relation between the cost of labor bore by a firm, its productivity and its size. Section 4 analyzes the relevance of the composition of the workforce to account for the observed spread in the cost of labor of firms belonging to the same industrial sector and Section 5 concludes.
Data description
The research we present here draws upon the MICRO.1 databank developed by the Italian Statistical Office (ISTAT).
5 MICRO.1 is based on the census of Italian firms with more than 20 employees and covers the period 1989-97. As reported in Bartelsman et al. (2004) the percentage of manufacturing firms with more than 20 employees represents only the 12% of the total population. However, these relative larger companies account for almost 70% of total employment in Italy. As such MICRO.1 constitutes a representative sample of Italian firms operating in the different industrial sectors. In the following, we focus our empirical analysis only on those firms operating in the manufacturing industry which, according to the ISIC classification, are those belonging to the tabulation category D, that is having their principal activity in sectors ranging from 15 to 37 (UNSD, 2002) . After this selection we are left with a total of 97 3-digits sectors. Given this relative large number, we cannot present a complete sector by sector study. Even if one considers the sectors with more companies, i.e. the ones with an average number of firms larger than 100, their number remains higher than 20. Moreover considering only the sectoral size as a selection variable would ultimately introduce biases in the adopted sample, with the possible lack of relevant activities. In order to avoid this effect, in the following analysis we will consider a representative collection of sectors, chosen among the most populous but built with the idea of possibly accounting for the variegated activities covered by the manufacturing classification. Summary statistics of the chosen sectors, together with their description and the associated 3-digit ISIC code are reported in Table 1 .
As far as cross-country comparability is concerned it is important to remind that most U.S. studies consider the "plant" as the level of analysis, whether, on the contrary, in Europe, it is the "firm" to be the baseline unit for data collection. Although not all firms in the population are responding every year, the census nature of MICRO.1 guarantees against possible bias in the data collection process. Indeed we did not detect any particular trends in non-respondents: firms which do not respond for some years and then reappear again do not, in general, show any particular changes in their structure or performance.
MICRO.1 contains information appearing in firms' financial statement together with the additional variables contained in the annual census conducted by ISTAT. This provides us with different measures of "cost of labor", such as the monthly wage earned by the employee Table 1 : Descriptive statistics of the sectors under study. The total number of firms and the average number of production and non production workers per firm is reported for years 1989 and 1997. and the total cost bore by firms. Since data are collected closely matching the entries of the statement of income, the total cost per worker can be split into a) salary paid to employee (comprising wage, overtime pay and bonus); b) social security contribution paid by the employer (oneri sociali ); c) retirement pay, the so-called Trattamento Fine Rapporto. Further, MICRO.1 presents the remarkable feature of distinguishing the total number of employees between production and non-production workers and their associated wages. In particular, the section on employment comprehends information on the number of entrepreneurs (with no data about their earnings); non-production workers, comprising both managers and entrylevel (dirigenti and impiegati, respectively); production workers as blue-collars, assistants, apprentices and work from home arrangements (operai, commessi, apprendisti and lavoratori a domicilio, respectively). In order to account for possible trends in the variables of interest, we deflate our data on monetary variables making use of the sectoral index provided by ISTAT and taking 2000 as the reference year.
6 During the period under investigation Italy underwent a monetary crisis that forced the Lira out of the monetary union; thus a procedure aimed at washing out inflation driven bias is badly needed to identify real trend in variables such as cost of labor or productivity. Finally, to ease the interpretation of results, we also report all variables in Euro, even though, at the time, these reports were filled in Lira currency. 
Cost of Labor and Productivity in Italian Manufacturing Firms
We start by assessing the degree of heterogeneity in the cost of labor for firms belonging to the same 3 digit sector. To this end we show in Figure 1 the kernel density estimate of labor cost in two different industries, the knitting and crocheted articles (ISIC 177) and treatment and coating of metals (ISIC 285). Density is computed in 64 equispaced points with an Epanenchnikov kernel (Silverman, 1986) . Cost of labor per employee is in logarithm to allow for an improved representation of the data. Given our interest in intra-industry differences, observations are reported as deviation from the sectoral averages. Figure 1 remarkably displays the coexistence of firms within the same sectors that are facing conspicuous differences in their cost of labor. The sectors reported in Figure 1 are just two examples, but the distributions display the same features in all other industries under analysis. Note also that there is no evidence of a shrinking of the support of the distribution over time, which suggests that the observed differences are persistent. Further, the span of the support cannot even be attributed to the contemporaneous presence of different categories of workers. Indeed, in Figure 2 we display the distribution of the firm average cost of labor per category of employment, blue collars and white collars. Even when accounting separately for the cost of labor of these two categories their distributions display the common feature of a significant heterogeneity, notwithstanding what could be expected due to binding labor contracts setting a minimum wage for each sector. In order to investigate the source of this heterogeneity we start by analyzing the relation between total cost of labor, W , and size of the firm as proxied by number of employees, L. If the cost of labor does not depend on the size of the firm, the labor total expenditure, W , grows proportionally with the number of employees, L. Consider the following scaling relation If β > 0 then larger firms incur, in general, in increased labor costs, while if β < 0 the opposite happens. In order to capture these effects we fit a log-linear relation between the labor cost per employee C = W/L and the number of employees, L, with the model
where subscript t identifies the year of interest and lowercase symbols denote the logarithm of the original variables, that is c = log C and l = log L. Figure 3 exhibits plots for the same sectors analyzed in the previous figures, namely knitting and crocheted articles (ISIC 177) and treatment and coating of metals (ISIC 285). Table 2 reports coefficients for all sectors in the analysis. In general, a positive relation appears between labor cost per employee and size. Due to the small magnitude of standard errors in Table 2 , the relation is significant in almost all sectors and years considered. Then this evidence suggests that labor cost per employee is increasing more than proportionally in size. In order to check if this finding is robust with respect to different proxies of wage expenditure, in Figure 3 we plot the size-labor cost relation using yearly expenses per worker (left) and cost per hour (right). Both plots display the same trend suggesting that the increasing relation between size and cost of labor is independent of the proxies of wage rate employed. Moreover, given the small change in coefficients reported in Table 2 between the beginning and the end of the period of analysis the relation between size and labor cost can be considered stable over time. This conclusion is confirmed by plots in Fig. 3 . Notice, however, that while the slope of the fitted lines remains unchanged, their intercepts display an outward shift from 1989 to 1997. Since the monetary variables in the analysis are already inflation-adjusted, such a shift represents the sectoral average increase in the cost of labor in real terms. Table 2 reports, in the third column of each year of analysis, the (real) average cost of labor for each 3-digit sectors. This simple statistics confirms the increasing trend observed in Fig. 3 . The assessment of such a trend, which goes far beyond the scope of the present work, might shed some light on the sources of Italian often claimed competitiveness loss in recent years (Malgarini and Piga, 2006) .
A quite straightforward consequence of the relation between size and labor cost described above is the significant degree of heterogeneity in the labor cost per employee born by firms in the same sector. For instance in the knitted and crocheted sector in 1997 (top left plot of Figure 3 ) firms of smallest size benefit of a labor cost per employee, in per capita terms, which is more than 25% smaller than the one of largest firms. This "spread" in the cost of labor might appear modest at first, but one has to bear in mind that most employment contracts in Italy are set according to nation-wide agreements in the various industrial sectors. Considering the plausible flattening effect of these regulations on earnings, the wage spreads observed are substantial. On the other hand, the fact that firms face rather different wage rates is well in tune with the evidence reported in Dosi and Grazzi (2006) and Bottazzi et al. (2007) on the heterogeneity in the mix of inputs and in the level of labor productivity. This result contributes to lend empirical support to a picture of pervasive and persistent heterogeneities characterizing business firms. At the same time, however, this implies that a careful investigation on the sources of the remarkable differences in labor cost at the sector level and of the wage-size relation has to encompass an analogous analysis of firms' productivity. Indeed, it could be the case that such a variability in the cost of labor finds its counterpart and it is entirely explained by correspondingly different levels in the productivity of firms (for recent empirical evidence on US and UK, see Faggio et al., 2007) . To investigate possible productivity differentials, we analyze the relation between the total value added produced by a firm, V A, and the number of its employees, L. If the productivity of labor does not depend on the size of the firms, we expect to find a proportional relation between these two variables. We try to capture possible deviations from the proportionality assumptions by fitting a double log relation between labor productivity, Π = V A/L, and the number of employees,
where π = log Π. If δ = 0, then the amount of value added produced per worker does not depend on the size of the firm. As shown by plots in Fig. 4 , this is not the case, and labor productivity does indeed depend on firm size through an increasing relation. Again, note that, as before, choosing per capita (left panel) or per hour (right panel) labor productivity does not affect the analysis. In both cases the statistical significance of coefficients in Table 3 supports the hypothesis that bigger firms enjoy higher levels of labor productivity. Comparison of average labor productivity over time (third column of each year in Table 3 ) shows that such measure of efficiency is increasing in all but one sector (ISIC code 222), thus replicating the dynamics observed for the cost of labor in Table 2 . While we were able to find a positive relationship between the size of the firm and both its labor productivity, captured by coefficients δ in Table 3 , and the unit cost of labor it bears, captured by coefficients β in Table 2 , the separate inspection of these coefficients does not allow to discern if one of the two effects is overwhelming the other. That is, one cannot ascertain if the positive relation between size and productivity is sufficient to compensate a similar trend in the cost of labor. It is then necessary to build a measure that provides a succinct picture of the relation between cost of labor and productivity at different levels of firm size. The simplest approach is to consider as a proxy for unit labor cost the ratio between total labor cost and value added (see also Kravis and Lipsey (1982) ), UC = W/V A. Given the very likely occurrence of positive per capita value-added, unit labor cost takes values in the interval (0, 1] (and its logarithm in (−∞, 0]). Quite obviously, a value of the ratio close to zero (one) suggests a very low (high) incidence of labor cost on value added, so that, unit labor cost also provides a first account of distributive shares. We investigate the relation between unit labor cost, as defined above, and firm size, fitting the log linear model
Results for ISIC sectors 177, 285, 295 and 361 are displayed in Figure 5 . Coefficients for all sectors are in Table 4 . The plots do not display any clear relation between the variables of interests. Indeed, the estimated slopes for γ are seldom significantly different from zero and almost never for the latest period of investigation. The few coefficients one might comment upon are positive, suggesting that at first, bigger firms have to bear, on average, a higher unit cost of labor, but this univariate approach is clearly weak in detecting this kind of relation. In order to identify robust relationships one has to switch to more structured specifications.
A multivariate parametric approach
The previous paragraph suggested that the scale of the activity itself does affect both cost of labor and productivity, yet it was not possible to single out if any of the two effects is dominating. To this purpose, we consider a multivariate linear framework in which the impact of size on the cost of labor can be measured controlling, at the same time, for labor productivity. We choose a particular specification that will allow us, later, to investigate how different structures of labor force matters in shaping the firm wage-size relation. We express cost of labor per worker as depending on labor productivity and size,
where α 2 and α 3 capture the effect of productivity and size of the firm, respectively, on cost of labor. However the previous specification, with L on both sides of the equation, implies that errors in labor input measures will automatically create biases in the estimated coefficients. For this reason we choose the following alternative specification where φ = (α 3 − α 2 + 1). Since the residuals of OLS estimation clearly display a Laplacian shape, the use of minimum absolute deviation (MAD) as a robust estimation technique (Huber, 1981) appears particularly suited. Given our interest in the residual effect of size on cost of labor, α 3 , we first estimate φ from equation 6 and then compute α 3 as a difference. We have ran separate regression year by year and the resulting coefficients, in particular α 3 , displayed a high stability over time. Thus we pooled observation over the entire sample periods. The first three columns in Table 5 report sector by sector coefficients for MAD estimates, whether the last three display the coefficients estimated with a random effects model fitted using Generalized Least Squares (GLS).
A first look at the results reveals the broad correspondence between the two methods of estimation thus supporting the robustness of the results. The coefficient that is accounting for the effect of total value added on total labor cost, α 2 , has the expected positive sign. Then, on average, to an increase in value added it corresponds a higher cost of labor for the firm. More interesting to the purpose of our analysis is the coefficient accounting for the residual impact of firm size on cost of labor, α 3 . This coefficient is positive and significant for all sectors. Thus, we can conclude that net of productivity effects, which are controlled by value added per worker, the cost of labor is increasing in the size of the firm.
In the previous analysis we do not control for different production inputs, as for instance, different capital productivities and we are not making any statement on some generic measures of productivity, i.e. TFP, or on the relation between such proxy of productivity and size. This investigation would indeed lay well beyond the scope of this work.
8 Then it remains possible that the increased cost of labor for larger firms is somehow compensated by a lower cost of capital and higher capital intensities. In any case, however, this effect, even if present, does not translate in an increase of value added per worker large enough to account for the increased cost. Thus our point remains valid.
Notice also that, although we do not condition here on employee characteristics, such as education, experience and the like, we do control for the relation between productivity and labor cost, that is exactly the assumed economic outcome ultimately resulting from the cumulated effect of the heterogenous skills in the workforce. As such, the evidence emerging from Table 5 has to be interpreted as supportive of the hypothesis of a relative advantage of smaller firms over bigger ones in terms of the average cost of labor. These findings appear promising for a better understanding of the causes of constraints to growth of business firms especially when jointly addressed with the troubles hindering firm growth and stemming from the limited access to the credit market of many SME firms (in this respect see also ).
The relevance of labor force structure
In the previous Section we have proven the existence of a significant and positive residual effect of size on labor cost even after controlling for differences in labor productivity. In principle, the possibility remains that bigger size, in terms of number of employees, is compensated by a more than proportional increase in market shares. However, as shown in Bottazzi et al. (2007) , this objection would not hold since, at least for the database under analysis, market shares and employment are proportionally related. As such, the wage-size positive relation does not appear to be fully accounted nor by heterogeneities in productivity, or for that matter labor quality, neither by a relative advantage of bigger firms in terms of market shares. This suggests to look for a possible explanation by explicitly taking into consideration differences in organizational composition of firms operating in the same productive sector but of heterogenous size, the rationale being that different dimensions bear consequences in terms of employment structure. Apparently, a firm twice as big as another will face different requirements in terms of, for instance, organizational control so that the design of its hierarchical structure might look rather different from that of the smaller one. In the following we shall tackle this issue and its consequences on labor cost by analyzing the diverse composition of employment, at the firm level, in terms of white and blue collars.
9
As we have shown in Figure 2 , the heterogeneity in cost of labor persists even when one is distinguishing between different categories of workers, meaning that such feature is not caused by the pooling of heterogenous groups of workers. Starting from this observation it is possible to identify two main theories attempting to explain the differences in cost of labor per worker that we observe within the same category of employment in different firms.
On the one side one could conjecture that such wage differentials is the proportionate monetary compensation to different contribution to firm's output as in the "tournament" model of pay distribution (Lazear and Rosen, 1981) .
10 Though, under the setting of equation
9 Our database enables us to distinguish between production workers (comprising factory workers, apprentices and work-from-home arrangements) and non-production workers (including employees ranging from entry-level administrative positions to executive). In the following we will use production workers/blue collars, on one side, and non-production workers/white collars, on the other, as synonyms.
10 This explanation is grounded in the efficiency wage theory and it argues that a relatively dispersed pay (6) and with the estimated coefficients of Table 5 we have shown that even accounting for productivity there is a residual, unexplained effect of size.
On the other side, and in order to better explain the sources of this residual, one might consider a more comprehensive interpretation which would also encompass, beyond individual workers' differences, labor force composition as a relevant factor in explaining wage differentials among firms, as for instance, in hierarchical theories of the firm. In such a framework the value and compensation for ability increases with the rank of a management position and larger firms have proportionately more organizational layers than smaller firms (Simon, 1957) .
11
In order to test for the possibility that the size of the firm, by means of different organizational layout, is residually affecting the cost of labor per employee, we consider the scaling relation between the (log) number of production vs. non-production workers and the total size of the firm. If the workforce composition of the firm is not playing any role then we should not observe differences in the estimated coefficients for the two categories of workers.
We account for such a possibility running two different regressions for white and blue collars' wages to estimate their responsiveness to firm size. Evidence of a different impact of size on the earnings of blue versus white collars is provided by Figure 6 and Table 6 , which displays the estimated coefficients of the following linear model
where c W,i and c B,i denote the logarithms of unitary labor cost of firm i for white and blue collar workers, respectively.
structure will attract talented employees and motivate high individual performances as a consequence of the substantial rewards on offer (Beaumont and Harris, 2003) . But similar arguments could also lead to opposite effects as greater pay dispersion will impact negatively on individual and organizational performance (Akerlof and Yellen, 1990) . 11 In his seminal work Simon (1957, p. 33 ) also considers the role of the number of layers, which makes up the labor force structure, in affecting the total cost for labor of firms (see also, Calvo and Wellisz, 1979; Van der Meer and Wielers, 1998 Coefficients in Table 6 and the plots in Fig. 6 both show that, irrespectively of firm size, white collars earn more than blue collars; this is shown by the gap in the estimated intercept for production/non-production workers.
12 This regularity per se is not a surprising one, as it is well understood that white collars are, on average, paid more than blue collars. What is more interesting and relevant for the question we address here is the differences in the values of the β coefficients for the two groups. Slope coefficients in Table 6 for non-production workers are always bigger than for production workers, which are often and remarkably not significantly different from zero. This implies that within this category of employee, in several sectors there is no size-wage effect. We only report estimates for year 1993 as the coefficients are highly stable over time. The difference in estimated coefficients for production vs. non-production workers implies that, on average, white collars' wage is more responsive to size than blue collars' salary. Such differences in firm's dimension and their implications on organizational layout are capable to negatively affect the overall cost of labor for bigger firms.
The difference in wage elasticity to firm size of the two categories of workers is however not enough to account for the heterogeneity in total cost of labor. Indeed a further necessary piece of evidence has to do with the same workforce composition. More precisely, we have to investigate if there is any regularity administering the proportion of the two categories of workers as the size of the firm varies. To account for possible non-linear trend we fit the relation
where L W and L B are respectively the number of white and blue collars. Estimated coefficients of OLS regression are reported in Table 7 . Different values of the scaling parameter β point at some specificity in the composition of workforce in different sectors. The coefficients ranging from 0.5 to 1.5 stand for different degrees of responsiveness of labor force structure to an increase in the number of production worker.
To get a more straightforward, visual representation of this relation we plot the log-linear 12 Magnitude of the difference might look negligible, but one has to bear in mind that variables are in logs. 
where again, low-case letters denote logarithms. Figure 7 displays relation (9) between the (log of) number of white and the (log of) blue collars together with a linear fit and a nonparametric kernel regression. The plots show the existence of non-linearities in the relation between variables. In particular, the linear fit well describes the relationship for bins around the sector average number of blue collars, but it does not provide a good approximation for observations at both ends of the distribution. All sectors in Figure 7 display an "U" relation, meaning that, taking as a reference the linear fit, small and big firms employ, in proportion, more non-production workers than average-sized firms. Given the properties of our database discussed in Section 2, and in particular to the presence of a 20 employees threshold, it would be unwise to put too much emphasis on the implication for smaller firms. Incidentally, note that for special purpose machinery (ISIC 295) the number of non-production workers in the smallest bin exceeds the number of production ones. Given the main production activity of the sector, this stands as an unexpected result. Yet, at the lower end of the distribution we have quite small firms which might have a peculiar workforce composition. For instance, it might be the case that for smaller firms, positions, roles and duties are not so much sharply distinguished between categories of workers and that promotions are likely to be accorded to workers as a sort of "loyalty reward" with employees keeping very much their previous tasks, so that we might observe this "weird" distribution of non-production as compared to production workers. On the contrary, when bigger firms are concerned, this type of disclaimer is unlikely to apply. We can therefore correctly interpret plots in Figure 7 as suggesting that beyond a given sector specific threshold, the number of non-production workers grows more than proportionally over the number of blue collars. In addition, the "U" relation displayed in the plots also corroborates the hardships associated to the issues of replication and scale of an economic activity, as put forward, for instance, in Szulanski and Winter (2002) or Penrose (1995) . Our finding of an increased ratio of white vs. blue collars for larger firms has to be interpreted together with the evidence of a higher responsiveness of white collars' wage to firm's size (see Figure 6 ). Jointly taken, this two results supports the hypothesis that the dimension of the firm, by causing a different composition of the workforce and an inefficient increase in white collars salaries, generates a setting in which smaller firms enjoy a cost advantage for their labor input over bigger businesses.
Conclusions
In this paper we have shown the existence of a firm size-wage gap for Italian manufacturing firms (c.f. Figure 3 and Table 5 ). This is a robust regularity as it holds over time and across all sectors under investigation. Further and more compelling for the present analysis, this relation remains true even when we explicitly account for the different levels of labor productivity that characterize firms operating at different scales.
Our results are well in tune with the findings in the labor and industrial economics literature, as for instance, Brown and Medoff (1989) that report how individual worker skills leave unexplained one-half of the wage differentials. This suggests that such wage gap cannot be satisfactorily accounted for only resorting to the hypothesis of a proportionate monetary compensation to different worker's contribution to firm's output. In order to account for this residual effect of size on workforce composition and eventually on labor cost, we explicitly call into play the impact of different categories of workers, i.e. production and non production, in setting the overall payroll of firms. In this respect we find that non-production workers' wage is more responsive to increase in size, whether the salary of production worker is almost flat in dimension. Quite obviously, this difference in the slope coefficients goes together with the more straightforward difference in the average earnings of the two categories. Further, the analysis of scaling relation between the number of white and blue collars displays the existence of non-linearities. In particular, the "U" relation (Figure 7) , which is common to all industries, reveals that beyond a sector specific size threshold, the number of non-production worker is growing more than proportionally in size. Such organizational arrangement, jointly with the higher responsiveness of white collars' wage to firm size, contributes to set a framework where smaller firms enjoy a relative cost advantage for labor inputs over bigger businesses.
